Summary.-In a controlled experiment groups of SPF Wistar rats were given 18 once-fortnightly doses of 0.5, 1.0 or 2-0 mg 3,4-benzpyrene (BP) suspended in infusine (I) or in carbon black (CB) + I by intratracheal instillation.
IN A SERIES of papers, we have described the effects on rat lungs of inhaled cigarette smoke, and of intratracheally instilled tobacco smoke condensates and fractions thereof (Davis et al., 1975a, b and c) . The present paper describes the effects of intratracheally instilled 3,4-benzpyrene (BP) on rat lung and the influence of a particulate carrier in this system.
MATERIALS AND METHODS
Rats.-162 female non-inbred Wistar specified pathogen-free (SPF) rats were obtained from Scientific Products Limited. They were allocated by a non-selective process to 9 groups (Groups 1-8 and Group 10) as shown in Table I . These rats were aged 16 weeks at the start of the experiment. A further 18 rats of similar origin and description were, at a slightly different point in time, treated as shown for Group 9 in Table I .
These animals were aged 12 weeks at the start of treatment.
Throughout the experiment rats were kept, 6 per cage, in polypropylene cages in a vermin-proof unit. They were fed on a " pasteurized breeding diet " obtained from Messrs Oxoid Chemicals Limited, given water ad libitum and autoclaved sawdust as bedding.
Chronic respiratory disease did not for the main part affect the general health of the animals, although all showed some signs of it at autopsy. Approximately twice a year all rats in all groups were given a 7-day course of tetracycline (2 mg/20 ml per day) in the drinking water.
Chemicals. 3,4-Benzyprene " Puriss grade " (BP) was obtained from Messrs Koch-Light and stored in the dark at 0°C until used. Carbon black (CB) was obtained from United Carbon Black Limited, Port Tennant, Swansea. Certain studies of the purity of the sample were undertaken. These revealed the presence of pyrene (ca. 0-05 mg/g) and sulphur (ca. 0 5 mg/g) and of inorganic material (0.1 mg/g) but of no recognized carcinogens of the polycyclic aromatic hydrocarbon type.
Infusine(J) was used as the vehicle for most studies following the example of Shabad (1962) and Shabad, Pylev and Kolesnichenko (1964) Post mortem procedure.-After opening the thorax the lungs were distended via the larynx by the slow introduction of 2 ml of 10% formol saline. The whole of the thoracic contents were then removed from the chest and immersed in the same fixative. The lungs, liver, spleen, adrenals, kidneys and all lesions thought to be possible neoplasms were taken for section. Two sections were prepared from the left lung and 3 from the right.
Microscopic examination of tissues -Sections stained with haematoxylin and eosin, and with other stains where necessary, were examined in a routine and standard manner. The results of this examination were recorded on a card and the data were translated into a computer-readable form. Particular pathological features encountered in the lungs were graded for severity by subjective systems as follows:
Chronic Respiratory Disease (CRD): Grades 1-3 = slight, moderately severe and severe disease, respectively.
Columnar and cuboidal metaplasia of alveolar epithelium (CCM): located mainly in the region of terminal bronchioles: Grades 0 = no lesion seen, Grades 1-4 = a few small areas, several small or a few large areas, many areas, and numerous and extensive areas, respectively.
Squamous metaplasia of alveolar epithelium (Sq.M) and squamous neoplasia (Sq.N7): For some purposes lesions of these two kinds were regarded as belonging to a single series, Grade 0-6: Grade 0 = no lesion of either kind seen; Grade 1 = one or 2 small areas of Sq.M; Grade 2 = one or 2 large (involving more than three adjacent alveoli) areas of Sq.M; Grade 3 = more than 2 large foci of Sq.M; Grade 4 = squamous neoplasms of uncertain malignancy. (Many of these consisted of more or less spherical masses of keratin encased in a thin shell of well differentiated squamous epithelium, which showed no invasion but which were not encapsulated. A few lesions in this category were small islands of fairly regular squamous epithelium which differed from Sq.M in that they were associated with a disturbance of the alveolar pattern); Grade 5 = locally invasive squamous carcinomata. (Most of the tumours of this grade were of similar general appearance to the larger variety of Grade 4 tumour. However, the outer rim of squamous epithelium showed more mitotic activity and there was unequivocal evidence of invasion of surrounding structures. Other Grade 5 tumours lacked any central mass of keratin and had the appearance of invasive squamous carcinomata as they occur in many tissues of many animal species. Most of the Grade 5 tumours consisted of well differentiated squamous epithelium and none showed evidence of extension beyond the lobe of origin); Grade 6 = squamous carcinomata extending beyond the lobe of origin. (These ranged in appearance from well differentiated to anaplastic, and showed spread via the pleural cavity, airways, lymphatics or blood stream to other lobes or to more distant sites.)
Statistical methods.-Most of the pathological lesions encountered, apart from Grade 3 CRD and large lung tumours, were incidental findings at death; that is to say, they were not major determinants of the time of death. For the purposes of comparing the incidence of different lesions in different groups, the observation period was divided into the following time intervals: weeks 0-20, -40, -60, -80, -90, -100, -110, -120, -130, -end. For each time interval, the " expected" incidence in each group was then calculated on the basis of what was found in all animals irrespective of treatment by the method described in Peto (1974) .
A variance of expected was also computed using the binomial formula. The " expected " and its variance were then summed over the 10 periods to obtain a total " expected " (E) and variance. This could then be compared with the total " observed " (0) numbers of deaths with the lesion. In the case of lesions which were regarded as belonging to different grades of severity " observeds " and " expecteds " for each grade, and also the average grade (counting a grade of r as scoring r) were computed.
Significance was calculated by considering t = (O-E)/!/Var E as being distributed as a unit normal deviate. This involves a slight approximation in that this statistic is only asymptotically normally distributed.
Significance was indicated by marking those t values corresponding to probabilities P < 0 05, < 0-01, and < 0.001 by +, +-+ and + + + respectively if the " observed" exceeded the " expected " and by and ---if the " expected " exceeded the " observed ".
RESULTS

Survival
Table I summarizes the observations in respect of survival. Eighteen oncefortnightly treatments with atropine and anaesthetization with ether (Group 9) did not adversely affect survival. The apparently better mean survival in Group 9 than in Group 10 was probably partly due to the rats starting 4 weeks younger in the former.
Eighteen once-fortnightly intratracheal instillations of I only, I + CB, or of 0-5 mg-2 mg BP in I only or in I + CB, all shortened survival. However, there was no evidence that BP itself contributed to the life-shortening effect in the early stages of the experiment. Lung tumour development caused deaths later in the experiment in some of the BP treated groups, especially Group 6.
Body weight None of the treatments was associated with any significant difference in the rate of body weight gain compared with untreated control rats.
Chronic respiratory disease (CRD)
Mean grades of CRD were, after correction for survival differences, slightly higher in animals given I + CB than in animals given I only, irrespective of whether BP was given as well. BP itself had no obvious effect on severity of CRD. Untreated rats (Group 10) had significantly lower than expected mean CRD grades. Significanice is indicated as follows: +, + +, and + + + show that 0 exceeded E with probabilities of P < 0 05, P < 0 01 and P < 0-001 respectively, and -, --, and ---how that E exceeded 0 with pr)obabilit ies of P < 0 -05, P < 0 -01 and P < 0 -001 respectively.
Methods Section. All the lesions categorized as Grade 5 or 6 neoplasms were of macroscopic dimensions and measured from 1-2 mm in diameter up to over 20 mm in diameter. Many animals had multiple tumours. Where this was so animals were categorized on the basis of the lesion of the highest grade.
Of the 34 rats of Groups 9 and 10 which were examined post mortem, one had Grade 1 Sq.M and another had Grade 3 Sq.M; none had a squamous neoplasm. None of the 16 rats treated with I only (Group 8) had Sq.M or Sq.N but 4 out of 16 rats given I + CB without BP (Group 7) developed squamous lesions, one of which was Grade 4. By contrast, a high incidence of Sq.M and Sq.N was seen in rats given BP in I + CB (Groups 1-3, 30/51 with Sq.M and/or Sq.N, and 15/51 with Sq.N) and an even higher incidence in rats given BP in I only (Groups 4-6, 29/48 with Sq.M and/or Sq.N, and 24/48 with Sq.N). Particularly noteworthy is the much higher incidence of Grade 6 lesions in response to eighteen 2 mg doses of BP in I only (Group 6) than in response to eighteen 2 mg doses of BP in I + CB (Group 3). This difference was significant on a direct comparison (P < 0.05). Moreover, even after allowing for survival differences the mean grades for squamous lesions in Groups 5 and 6 were significantly higher than in Groups 2 and 3 (P <0 05).
Macrophages containing black particles, CCM, Sq.M and Sq.N tended to be found in the same rats at a similar site in the lungs, namely in the vicinity of terminal bronchioles (Fig. 1, 2, 3) . Figure  4 illustrates a squamous tumour of uncertain malignancy and Fig. 5 and 6 depict possible progression from a benign to a malignant Sq.N.
Slight basal cell hyperplasia and crowding of columnar cells were associated with intratracheal instillation but squamous metaplasia of tracheal or bronchial epithelium was rare.
Incidence of other neoplasrns
One rat in Group 6 had a pulmonary adenocarcinoma when it was killed during the 94th week. After allowance for survival differences as described in the statistical methods, the incidence of extra- pulmonary tumours was found not to have been increased by treatment with BP.
DISCUSSION
The results of the experiment show that it is possible to induce invasive and metastasizing squamous cancers in the lungs of rats by the repeated intratracheal instillation of 3,4-benzpyrene (BP). Unexpectedly, tumour incidence was higher in response to 18 once-fortnightly intratracheal instillations of 2 mg BP in infusine (I) only than to similar treatment with BP in I + carbon black (CB). However, instillation of carbon black led to an increased incidence of 2 kinds of metaplasia of alveolar epithelium, CCM of Shabad et al. (1964) suggested that tumour yield would be increased by the use of a particulate carrier, and those of Pylev (1963) and Shabad and Pylev (1970) suggested that any tumours that arose would be of bronchial rather than of bronchiolo-alveolar origin. However, Schreiber, Nettesheim and Martin (1972) reported that the intratracheal instillation of 3-methylcholanthrene suspended in physiological saline and 0.2% gelatin gave rise to squamous cancers of bronchioloalveolar origin. As in the studies reported here, they found no conspicuous changes in the trachea or main bronchi.
Numerous similar studies in hamsters led to the theory that tumour yield is enhanced by inclusion of a particulate vehicle (Shubik, 1961; Saffiotti, Cefis and Kolb, 1968; Saffiotti et al., 1964 Saffiotti et al., , 1972a Sellakumar et al., 1973) . Herrold and Dunham (1962) felt that their success in inducing lung tumours with BP may have been due to tumour promotion by the Tween 60 which they uised as a vehicle (Setala, 1956) . Two more recent reports (Feron, De Jong and Emmelot, 1973; Henry et al., 1973) suggest that a particulate vehicle is not necessary to produce lung tumours in hamsters by the intratracheal instillation of BP.
(AMore detailed tabulations of the results described in this paper can be obtained on request from P. N. Lee.)
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